Abstract. A numerical solution for the propagation of density seen by the wave as it propagates through the torus the Alfv•n waves produced by Io is presented. The waves may produce some reflections. This would give rise to a are shown to interact strongly with the torus and magnetic particularly complex pattern of waves behind Io as there field inhomogeneities. We find substantial reflection occurs are certain to be reflections from the Jovian ionosphere from the magnetospheric medium and only about a quarter also [Gurnett and Goertz, 1981]. Walker and Kivelson of the wave power will reach the ionosphere on its first [1981] found evidence for the existence of a current pass. It is concluded that both WKB and ray tracing structure on Io's L shell in the Pioneer 10 magnetometer arguments are inappropriate, contrary to previous studies. data. Fluctuations in the magnetic field were observed well A more realistic picture may be that of a whole field line downstream from Io (•. 55 o longitude). The pattern is or L shell resonating in an eigenmode. We discuss the further complicated by the fact that Io is not confined to Alfv•.n structure behind Io and comment upon some the magnetic equator, and the torus may not be possible features that it may exhibit. In particular it may independent of longitude. Gurnett and Goertz [1981] be possible to produce decametric arcs that are more argued that reflections from the torus boundary could be closely spaced than ray tracing permits by exciting higher neglected because the scale of the wave was small harmonic eigenmodes of Io's L shell.
Introduction
actually the perpendicular scale and is considerably smaller than the parallel wavelength, which is more relevant to the The interaction of Io with the Jovian magnetosphere nature of wave propagation. Goertz [1980] also concluded has been of particular interest ever since Bigg [1964] that there would be negligible reflection from the torus discovered the influence of Io upon decametric radiation boundary. However, his calculation was not for a pulse (DAM) emissions. It is thought that Io or its ionosphere is launched from Io but for a harmonic disturbance at the a good electrical conductor and can be expected to produce equator. Such a calculation is useful for estimating the large-amplitude Alfv•n waves through the mechanism heating of the torus, but it is difficult to comment on the outlined by Drell et al. [1965] . Goertz and Deift [1973] propagation features of the waves from this result. His and Neubauer [1980] have both modeled the structure of calculation also neglected the geometry of the magnetic the waves produced by Io. Wright and Southwood [1987] field. have presented a general discussion of Alfv•n waves and Within the WKB limit (no reflection from the torus) give a more detailed description of these waves than Bagenal [1983] In addition to producing trajectories around Jupiter and is useful for interpreting the observable signatures in the magnetic field the Alfv•n waves spacing of the decametric arcs within the WKB limit. also perturb the motion of energetic electrons and ions past In this paper we study, numerically, the propagation of the satellite [Schulz and Eviatar, 1977] . Goldstein and Ip Alfv•.n waves through the Io torus. It is shown that the [1983] and Wright [1987] have shown how the Voyager 1 WKB limit is not valid for Io's Alfv•n waves and that the 10-MeV electron data reported by Lanzerotti et al. [1981] waves strongly interact with the torus. The effect of this are modified by the presence of the satellite wake. The interaction will be to produce more complicated wave whole interaction may be more complicated if there exists a patterns behind Io, and we discuss the wavelength. This is well described by a discontinuity with P 2 > > P •. As we have discussed, this will completely reflect the wave and invert the sense of the velocity The plus and minus signs describe propagation antiparallel disturbance. (Gurnett and Goertz [1981] note that the and parallel to the magnetic field direction. The good electrical conductivity of Jupiter's ionosphere will also expression in (2) tells us that a wave incident upon a reflect the wave.) In order to decide whether or not these massive boundary (p2> >P 1), for example an ionosphere, is assumptions are reasonable we need to estimate the relative perfectly reflected. The magnetic field perturbation is sizes of the wave and medium scale lengths in the torus, in reflected in the same sense as the incident wave; however, the magnetosphere and at the top of the ionosphere. From these estimates we expect the wavelength and scale length of the medium to be of a similar size when that the plasma varies on. In this limit the medium propagating through the Io torus. Outside the torus the changes negligibly over one wavelength and appears medium changes in a discontinuous fashion on the scale of quasi-uniform to the wave. One may anticipate that there a wavelength. Contrary to previous studies we do not will be no reflection' however, the transmission is not expect the WKB limit (small wavelength) to be valid identical to propagation in a uniform medium. Suppose anywhere (except very close to the magnetic equator where that the medium is represented by a fine series of slabs the field and density both have infinite scale lengths). orthogonal to B 0. In the limit as p• -, p• across each Outside the torus and at the Jovian ionosphere the long slab, (1) to (4) tell us that the wave is in fact completely wavelength limit should be a reasonable approximation. program. It is evident that as the pulse propagates to less medium as it propagates through it, and not so much on dense plasma (i.e., increasing S) the amplitude of b n any bouncing structure that is set up, we have chosen the decreases, and that of u n increases. This is in accord with latter condition. The advantage of using a perfectly the WKB limit, and we would expect this to apply near absorbing ionospheric end to the field line is that any the equator where the scale lengths of the medium are reflection that does occur will be due to inhomogeneities in much greater than VAeq. T. It is also possible to see that the medium (i.e., the density and magnetic field). the leading half of the-pulse is slightly broader than the Including reflection from the ionosphere would make the trailing half. This is because the Alfv A numerical solution to the single-fluid MHD equations has been presented for an Alfv6n wave launched from Io into a dipole geometry with a suitable torus density profile. For waves that have a time scale like that expected to be produced by Io we find a very strong interaction with the inhomogeneities in the medium.
The computed solution varies significantly from the WKB solution, which we conclude is inappropriate to describing Io's Alfv6n waves. A measure of the departure from this solution is the complete transmission of the wave in the WKB limit and the strong (.•75%) reflection produced by our simulation. ). The only way that medium, and so the concepts of ray tracing would ray tracing can produce such closely spaced arcs is by the necessarily become blurred. Including reflection from the longevity of Alfv6n waves produced during previous orbitS. Jovian ionosphere will broaden the pulse even more. From From our computations we do not anticipate a long lifetime the results in Figure 4 we can estimate that after about 10 for the wave packets launched from Io.
In conclusion, we have investigated the propagation of bounces the pulse will be so blurred that one may expect a Io's Alfv6n waves in the Jovian magnetoplasma. Our standing mode on the field line to be a more useful way to think of the perturbation launched from Io. numerical results show that the wave interacts strongly with the medium's inhomogeneities. We find that both WKB The eigenmodes excited by the passage of Io are beyond the scope of the present paper. However, it is and ray tracing notions are inappropriate. The motion of still useful to discuss the basic properties of eigenmodes and field lines that have been perturbed by Io is probably their likely implications. We shall now consider the entire better thought of in terms of field line eigenmodes. In field line that is bounded by perfectly reflecting this scenario, Io is a driving force which deposits energy in the eigenmodes. It is hoped that the interpretation of ionospheres. Figure 6 shows the scenario that we may anticipate. The hatched region is disturbed by the Alfv6n DAM arcs from this new standpoint will explain some of wave launched from Io. As Neubauer [1980] This will be negligible for a one-dimensional oscillation
